Abstract We retrospectively reviewed 68 hips in 62 patients with acetabular dysplasia who underwent curved periacetabular osteotomy. Among the 68 hips, 33 had acetabular retroversion (retroversion group) and 35 had anteversion (control group) preoperatively. All hips were evaluated according to the Harris hip score. Radiographic evaluations of acetabular retroversion and posterior wall deficiency were based on the cross-over sign and posterior wall sign, respectively. The clinical scores of the two groups at the final follow-up were similar. In the retroversion group, 12 hips had anteverted acetabulum postoperatively. The posterior wall sign disappeared in these hips, but remained in 21 hips with retroverted acetabulum postoperatively. Among the 21 hips with retroverted acetabulum, posterior osteoarthritis of the hip developed postoperatively in five hips. When performing corrective osteotomy for a dysplastic hip with acetabular retroversion, it is important to correct the acetabular retroversion to prevent posterior osteoarthritis of the hip due to posterior wall deficiency.
Introduction
Developmental dysplasia of the hip is often associated with deficient anterior or global coverage of the femoral head [10] and is also associated with an increased prevalence of osteoarthritis [2, 17, 19] . It is generally thought that the responsible deficit is anterolateral and, therefore, any realignment procedures need to improve the anterior and lateral coverage.
Recently, acetabular retroversion, which can result from posterior wall deficiency or excessive anterior coverage, or both, has been described as a possible aetiological factor in osteoarthritis [1, 13, 16] . It has been reported that patients with acetabular dysplasia also exhibit a high frequency of acetabular retroversion. Specifically, one in six patients with acetabular dysplasia were reported to show acetabular retroversion, in which the superior one-third of the acetabulum faced posterolaterally [6] .
The posterior aspect of the acetabulum is subjected to high loads during activities of daily living [12] . With acetabular retroversion, greater unit loads are theoretically imposed on the available posterior cartilage. Furthermore, a retroverted acetabulum can impinge between the anterior femoral neck and anterior edge of the acetabulum [1, 16] . Therefore, the recognition of acetabular retroversion is important when performing corrective osteotomy, such as periacetabular osteotomy. If this procedure for dysplastic hips with a retroverted acetabulum is carried out without recognition of the acetabular version and without correction of the retroversion, the postoperative clinical results may be affected.
The purposes of this study were to investigate the clinical and radiographic results in dysplastic hips with acetabular retroversion, and to compare the clinical outcomes between hips with acetabular anteversion and retroversion after periacetabular osteotomy.
Materials and methods
We retrospectively reviewed the radiographs of 256 hips in 220 consecutive patients with acetabular dysplasia who underwent curved periacetabular osteotomy [11] from August 1995 to March 2005. The surgical indications for curved periacetabular osteotomy included symptomatic acetabular dysplasia lasting longer than 5 months, a lateral centre-edge angle of Wiberg [19] (CE angle) of less than 16°on anteroposterior (AP) radiographs and the improvement of joint congruency on an AP radiograph in the abducted position. This type of osteotomy is not indicated for patients with aggravation of joint congruency in the abducted position. All surgical procedures were performed by the senior author (MN).
Of the initial 256 hips in 220 patients, 42 hips in 35 patients were excluded due to excessive pelvic tilt or pelvic asymmetry, which can obscure accurate interpretation of the radiographs. We further excluded 34 hips in 30 patients with Legg-Calve-Perthes disease or altered anatomy through severe osteoarthritis. In the remaining 180 hips in 155 patients, we found 33 hips in 30 patients (5 men and 25 women) with a retroverted acetabulum on an AP radiograph preoperatively (retroversion group). Among the remaining 147 hips in 125 patients with an anteverted acetabulum preoperatively, 35 hips in 32 patients (5 men and 27 women) were selected as controls (control group). The patients were matched for gender, age and preoperative extent of osteoarthritis according to the Tönnis classification [18] . Finally, a total of 68 hips in 62 patients who underwent curved periacetabular osteotomy by a single surgeon were included in this study.
Clinical evaluations
Clinical evaluations were performed preoperatively and at the latest follow-up using the Harris hip score. All clinical evaluations were performed by two of the authors (KS and TS), who were blinded to the radiographic results.
Radiographic evaluations AP radiographs of the pelvis were taken with the patients in the supine position. The tube-to-film distance was 120 cm and the tube was oriented perpendicularly to the table. The central beam was directed towards the mid-point between the upper border of the symphysis and a horizontal line connecting the anterior superior iliac spines. The extent of the pelvic inclination was judged according to a previously described method [15] . The distance between the pubic symphysis and sacrococcygeal joint was measured on each standard AP radiograph for comparison with the reported control values of 25-40 mm for men and 40-55 mm for women [15] . If the distance between the pubic symphysis and sacrococcygeal joint did not lie within the corresponding range of control values, the patients were considered to have excessive pelvic inclination and were excluded from the evaluation of acetabular retroversion. Pelvic symmetry was evaluated in terms of the comparative radiographic appearance of the obturator formation and the positions of the sacral midpoint and pubic symphysis.
AP pelvic and false-profile lateral radiographs were taken for all patients preoperatively and at the latest followup. Radiographic evaluations were performed by measuring the CE angle [19] , acetabular roof obliquity [7] , acetabular head index [3] and anterior CE angle [5] . The severity of the secondary osteoarthrosis before the osteotomy was graded using the Tönnis classification system [18] . Specifically, hips with subchondral sclerosis were classified as Grade 1, hips with subchondral cyst formation and partial cartilage space narrowing were classified as Grade 2 and hips with severe or complete but localised cartilage space narrowing were classified as Grade 3. All radiographic measurements were taken three times on different occasions by two authors (KS and TS), who were blinded to the clinical results, and the average values were calculated.
Acetabular version
In an anteverted acetabulum, a line can be drawn from the superolateral edge of the acetabulum that represents the anterior rim of the acetabulum, and is located medially and distally. A second line representing the posterior rim of the acetabulum can also be drawn, and is located more vertically (Fig. 1a) . In a retroverted acetabulum, the superior part of the anterior line is actually lateral to the posterior line. As these lines progress medially and distally, the anterior line crosses the posterior line (Fig. 1b) , and this finding is termed the cross-over sign [13] . The posterior line lies at or just lateral to the centre of the femoral head. If the line of the edge of the posterior wall is located medially to the centre of the femoral head, this finding is termed the posterior wall sign [13] and indicates relatively less posterior coverage [12] .
The Mann-Whitney U test was used to compare the corresponding clinical results and radiographic parameters between the retroversion and control groups, and the same parameters between hips with retroverted and anteverted acetabula after periacetabular osteotomy in the retroversion group. The Wilcoxon signed rank test was used to compare the changes in the clinical results and radiographic parameters in the retroversion group. The chi-square test was used to compare qualitative variables. Significance was defined as values of p<0.05.
Results
The preoperative and postoperative clinical scores in the two groups are presented in Table 1 . The average Harris hip scores improved from 75.5 points (range, 60-93 points) preoperatively to 93.6 points (range, 80-100 points) at the latest follow-up in the retroversion group and from 74.2 points (range, 72-100 points) preoperatively to 94.1 points (range, 82-100 points) at the latest follow-up in the control group. The clinical scores of the two groups did not differ significantly ( p=0.68). The radiographic measurements of the two groups are presented in Table 2 . Postoperatively, the CE angle, acetabular roof obliquity, acetabular head index and anterior CE angle all showed improvement ( p<0.0001, p<0.0001, p<0.0001 and p<0.0001, respectively) compared to their preoperative values in both groups. None of the radiographic parameters differed significantly between the two groups, with the exception of the preoperative anterior CE angle. The preoperative mean anterior CE angle in the retroversion group was significantly larger than that in the control group ( p=0.015). Preoperatively, the posterior wall sign was recognised in all hips in the retroversion group. In contrast, 17 of 35 hips (48%) in the control group had a negative posterior wall sign. Postoperatively, 12 of 33 hips (36%) in the retroversion group had an anteverted acetabulum and the remaining 21 hips had a retroverted acetabulum. The posterior wall sign disappeared in all 12 hips with an anteverted acetabulum (Fig. 2) , but remained in all 21 hips with a retroverted acetabulum (Fig. 3) . The average Harris hip score at the latest follow-up was higher ( p=0.051) in the hips with an anteverted acetabulum than in those with a retroverted acetabulum (Table 3 ). In the control group, 11 of 35 hips (31%) had a retroverted acetabulum and the remaining 24 hips had an anteverted acetabulum postoperatively. The average Harris hip scores at the latest follow-up in the control group were similar between hips with an anteverted acetabulum and those with a retroverted acetabulum postoperatively (anteverted acetabulum: mean, 95.2 points, range, 82-100 points; retroverted acetabulum: mean, 93.5 points, range, 84-99 points; p=0.65).
In 5 of 21 hips with a retroverted acetabulum after periacetabular osteotomy in the retroversion group, falseprofile view radiographs revealed that osteoarthritis of the posterior part of the hip developed postoperatively (Fig. 3) . This finding was also recognised in 2 of 11 hips with a retroverted acetabulum in the control group.
Discussion
Periacetabular osteotomy is currently established as an effective treatment for delaying and possibly preventing osteoarthritis of the dysplastic hip [4, 14] . Many factors that may affect the clinical outcomes can be identified preoperatively and postoperatively. Important factors include the degree of secondary osteoarthritis, severity of the acetabular dysplasia, severity of any associated femoral head deformity and sphericity of the joint surfaces [9] . The acetabular version may be another important factor affecting the The recognition of retroversion is important when performing periacetabular osteotomy to correct dysplasia of the acetabulum. In most cases of acetabular dysplasia, the deficit is anterolateral and the surgeon, therefore, rotates the acetabular fragment forward and laterally. If this procedure were to be carried out indiscriminately for patients with developmental dysplasia and acetabular retroversion, the surgeon would make the retroversion larger. Therefore, in order to assess whether preoperative or postoperative acetabular retroversion influenced the clinical results, we compared the clinical outcomes between hips with retroverted and anteverted acetabula preoperatively, as well as the clinical outcomes between hips with retroverted and anteverted acetabula postoperatively after periacetabular osteotomy.
Our data indicate that preoperative acetabular retroversion did not influence the clinical results of periacetabular osteotomy when the acetabular retroversion was corrected to a neutral or anteverted acetabulum postoperatively. Furthermore, the postoperative acetabular version in the control group did not affect the clinical outcomes. However, among hips with preoperative acetabular retroversion, the mean clinical score of hips with a retroverted acetabulum postoperatively tended to be inferior to that of hips with an anteverted acetabulum postoperatively. The posterior wall sign indicates relatively less posterior coverage. In our study, all hips with acetabular retroversion preoperatively had positive posterior wall sign, compared to 18 of 35 hips (51%) with acetabular anteversion. These results suggest that the posterior wall coverage of dysplastic hips with acetabular retroversion tends to be lower than that of dysplastic hips with acetabular anteversion. One of the reasons why the mean postoperative clinical score of hips with a retroverted acetabulum was inferior to those with an anteverted acetabulum in the retroversion group is considered to be that the posterior wall deficiency was not improved or deteriorated in these hips.
In a review of the literature, acetabular retroversion was reported to be present in 40 of 232 hips (17.2%) with developmental dysplasia [6] , and this prevalence is almost the same as our findings (18.3%). In contrast, a separate study reported that acetabular retroversion was present in 87 of 235 hips (37%) with developmental dysplasia [8] . The latter study used different criteria to evaluate the pelvic tilt. Briefly, that study excluded patients in whom the tip of the coccyx was >2 cm from the superior border of the pubic symphysis, whereas we used the pelvic tilt evaluation criteria of Siebenrock et al. [7, 12] . Acetabular retroversion can be easily influenced by the inclination of the pelvis. Therefore, the prevalence of acetabular retroversion may be affected by differences in the methods used to evaluate the pelvic inclination.
A false-profile view may be useful for evaluating not only the anterior coverage of the femoral head, but also the posterior wall deficiency or articular surface of the posterior part of the hip after periacetabular osteotomy. In our study, the false-profile view revealed that osteoarthritis of the posterior part of the hip due to posterior wall deficiency developed postoperatively in seven hips with a retroverted acetabulum.
We note several limitations to our study. First, it involved only a small number of hips (68) and an even smaller number of hips with acetabular retroversion (33). Furthermore, the subgroups within the retroversion group contained yet smaller numbers, i.e. the subgroups showing anteverted and retroverted acetabula postoperatively consisted of 12 and 21 hips, respectively. Second, we could not evaluate the hips using computed tomography (CT) to determine the pre-postoperative acetabular version. Finally, the posterior wall sign is an easy and useful method for evaluating the posterior coverage of the acetabulum. However, when the femoral head migrates superolaterally due to acetabular dysplasia, this sign can more easily appear as a positive sign compared to hips without migration of the femoral head. Therefore, patients who had a false-positive posterior wall sign may be included in our study. In future studies, a method for the quantitative evaluation of the posterior coverage of the acetabulum is required.
In conclusion, retroversion of the acetabulum associated with acetabular dysplasia is more common than previously thought. The posterior wall coverage of dysplastic hips with acetabular retroversion tends to be lower than that of dysplastic hips with an anteverted acetabulum. Therefore, when corrective osteotomy is performed in patients with developmental dysplasia and a retroverted acetabulum, surgeons should transfer the osteotomised acetabulum in a posterolateral direction while simultaneously moving the femoral head medially to prevent osteoarthritis of the posterior part of the hip due to posterior wall deficiency.
